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Attorney Docket 78393 
LOW PROFILE SPINAL FIXATION SYSTEM 

Field of the Tnv«>p ^ ^^ ^ 
The invention relates to spinal fixation systems and. more particularly, to 
spinal fixation systems that have a low profile. 

Background n f the Inventinn 
Spinal rods for immohilizing vertebral bones of the spinal colunm are typicaUy 
anchored to the vertebrae via bone screws that extend through the pedicle into the 
vertebral bodies or by hooks that engage about the vertebrae. The rods are connected 
to the anchor members by generally yoke-shaped couplers that can be either integral 
with the anchor member head or separate components fiom the anchor member for 
use in polyaxial pedicle screw systems for spinal rod fixation. These prior systems 
employ some sort of compression member that is brought down into engagement 
either directiy or indirectly with the spinal rod for securing it relative to the anchor 
member, and in polyaxial systems for securing the anchor member relative to the 
coupler. 

For this purpose, the compression member and coupler typically are engaged 
via threading therebetween such that the compression member is threaded down into 
its locked position in or about the yoke-shaped coupler. Alternatively, wedge cam 
surfaces between radial flanges on the compression member and radial recesses in the 
coupler walls have also been employed to advance the compression member for 
pushing the spinal rod down into fixed position relative to the screw anchor member, 
see U.S. Patent AppKcation PubUcation No. US 2002/0120272 to Yuan et al. The 
problem with the threaded or cam wedge systems of spinal rod locking is that to allow 
the compression member to advance relative to the coupler, the size or profile of the 
coupler as well as the compression member necessarily is increased, hi other words, 
to have threads or cam surfaces formed on the coupler requires that the walls be 
provided with a sufficient axial extent for the advancement of the threaded or cammed 
compression membei: therealong. 
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In polyaxial spinal fixation systems, the use of inserts between the head of the 
anchor member and the spinal rod has been proposed, see U.S. Patent No. 5,733,286 
to Errico et al. The large hemispherical insert of Errico et al. is engaged on a concave 
recess formed in a screw head received in the coupler allowing the coupler to adjust 
5 relative to the polyaxial pedicle screw for receipt of the spinal rod in its desired 

position. However, the entire Errico et al. system has a undesirably large profile as it 
employs a threaded set screw for clamping on ^e spinal rod, and the henMspherical 
insert extends well beyond the top of the screw head into the coupler channel through 
which the spinal rod is received. 

10 

jSummarv of the Invention 

In accordance with the present mvention, a low-profile spinal fixation system 
is provided. In one aspect, a cam lock member of a coupling device is fixed against 
translation as it is turned so that a cam surface of the lock member causes an elongate 

1 5 member that extends generally along the spinal column, e.g. spinal rod, to be forced or 
pushed downward. As the cam lock member does not translate along the coupling 
device, the size of the coupling device can be kept to a minimum. Further, the low 
profile of the present system may allow for minimally invasive surgical procedures to 
be employed therewith such as with the components thereof being cannulated for use 

20 with a guide wire. 

In another aspect, a polyaxial spinal fixation system is provided having a 
coupling member including an internal seat surface and a central bore sized to allow 
the anchor member to extend through the bore in several different orientations. The 
anchor member includes a head having an upper recess in which a low profile insert is 

25 provided. The insert has an upper surface that may be substantially fiat, may have 

radially oriented concave paths or valleys so that the insert rotates to the closest path 
to meet with the spinal rod, or may have a cup or peripheral ridge that deforms when 
compressed by the spinal rod to form a path without deforming the spinal rod. The 
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upper surface is fit in the head recess with the insert sized so that the upper surface 
projects only slightly beyond the proximal end of the anchor member to keep the 
profile of the insert to a minimum. 

In a preferred form, the insert has an enlprged lower portion having a lower 
5 arcuate surface thereon for bearing against the concave recess surface of the anchor 
member head, and a central projection that extends upwardly fiom the lower portion 
and includes the flat upper suifece thereon. The anchor member head preferably 
includes a retainer such as in the form of staked portions that allow the insert to self- 
adjust as the angle of the coupling member is adjusted with the flat surface projecting 
10 above the anchor member head for engaging the spinal rod. 

Brief D escription of the Drawing s 
FIG. 1 is a perspective view of the spinal fixation system in accordance with 
the present invention showing a bone screw and a coupling device including a 
coupling member and a cam lock member for securing a spinal rod relative to the 
bone screw; 

FIG. 2 is an enlarged perspective view of the spinal fixation system of HG. 1 
with the coupling member removed to better illustrate the cam lock member and to 
show the configuration of the head of the bone screw; 

FIG. 3 is a cross-sectional view of the spinal fixation system showing a recess 
formed in the screw head in which a low profile anvil insert is received for clamping 
of the spmal rod thereagainst; 

FIG. 4 is a cross-sectional view similar to FIG. 3 showing the relative sizes of 
the various components of the spinal fixation system; 

HG. 5 is a elevational view similar to FIG. 2 with the coupling member 
removed to show the radial flanges on the cam lock member and a bottom cam 
surfiice hereof; 
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no. 6 fa a cros3-sectio«a view of the spinal fixation system showing the 
recesses fonned in the coupling member c^^gnred to «c«ve ti» ^iial flanges „„ 
the cam lock member; 

FIGS. 7^10 are various views of the cam lock member; 
HGS. 1 1-13 are various views of the yoke-shaped coupling member 
FIGS. 14 and 15 are elevational and sectional views, respectively, of the bone 
s<aiew anchor member; and 

nOS. 16-U are various views of alternative camming system employing both 
a cam lock member and a saddle member. 



In mas. 1 and 2, a low profile spinal fixation system 1 0 in accotdance with 
U»p.ese„.im,ention isdepicted. As sho™..he spinal fixadon system IOincl»desa 
bone anchor member in the form of a bone screw ,2 and a cnpUng device genetally 
des.g„ated l4. ll.e-up,i„gdevice ,4isopen.bl.t„secmeanelong«ememberin 
^ form of spinal rod 16 in place rebfive U„he bone sc«w 12. Tie coupling device 
.ncludes a comp^sion ot cam lock member 18 and a coupling member 20, which 

cooperate to secure the spinal rod 16 relative to the bone screw 12 anchoml in a 
vertebral bonewiththetod «« generally. xtendmgaxially along «,e spinal column. 
n.e coupling device 14 a™l sp«,iacally the cam lock member 18 and coupling 

n»mber20.,«pmvidedwi.haoompactconflgun,Hon.Inparticular,a,ecamlock 
member ,g and coupling member 20 a» provided with a vety low profile in a 

duection indicted by axis fine 21 extending transvetse and specifically or«K>g„„a,ly 

«..he«s ISaofthespmalrod ISfixedt^htivetothebonescrew .2 by the coupling 
25 device 14,asbestseeninn0.4. 

More speciflcdly, the lowprofileofthe coupling device 14 is obtained by 
l»vmg the c^r. lock m«nber .8 be effective to lock the spinal «,d 16 wiihou. fl« need 

to «lvance the cam lock member 18 al»,g the coupungmember 20. Inftisres^ 
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the coupling member 20 can be provided with a body 22 having side openings 24 and 
26 through which the spinal rod 16 passes with the body 22 free of any threading or 
cam surfaces that cooperate with the cam lock member 18 for locking of the spinal 
rod 16 relative to the bone screw 12. Instead, the cam lock member 18 is fixed 
5 against translation relative to the coupling member 20. and preferably cooperates with 
the outer curved surface 28 of the rod 16 itself to secure it in position relative to the 
screw 12. 

For this purpose, the cam lock member 18 has a generally annularly configured 
body 30 having a very short axial extent along turning axis 21 thereof via annular side 
1 0 surfece 3 1 extending between its top and bottom surfaces 32 and 34. The top 

surfece 32 is provided with driving surface portions 36 which cooperate to form a 
predetermined configuration for the receipt of a sunilarly configured drive tool for 
turning the cap member 1 8 between unlocked and locked positions thereof The 
bottom surface 34 is programmed or contoured to provide a camming action on the 
curved surface 28 of the rod 16 when the cam lock member 1 8 is turned, as best seen 
in FIGS. 8 and 10 and as will be described more fully hereinafter. 

Although less preferred in terms of maintaining a low profile for the spinal 
fixation system 10 herein, an intermediate saddle member 200 can be provided 
between the lock member 18 and spinal rod 1 6, as shown in FIGS. 16-18. The saddle 
member 200 has an upper cam surfece 202 configured for cooperation with lock 
member cam surfece 34 when the lock member 1 8 is turned to its locked position so 
that &e saddle member 200 shifts downwardly along axis 21 for clamping against the 
rod 16. The saddle member is provided with a curved bottom surfece 204 which 
substantially matches the curvature of rod surface 28 so that the saddle member 200 
engages and pushes against the rod 16 without camming thereagainst. The cam lock 
member 18 can include a center opening 206 which receives a central post 208 
projecting upward fiom the saddle member 200 to keep the cam lock member 1 8 and 
saddle member 200 oriented properly with respect to each other. 
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Similar to the cam lock member 1 8, the coupling member 20 also has a 
relatively small axial extent between top and bottom surfaces 38 and 40 thereof. As 
best seen in FIG. 1 1 , the body 22 of the coupling member generally has a U-shaped or 
yoke configuration including opposing upstanding walls 42 and 44 spaced from each 
5 other by the rod openings 24 and 26 which can have an elongate configuration and be 
open to the top 38 of the coupling member body 22. Since the cam lock member 18 
need not be advanced down along the walls 42 and 44 in the direction 21, ttie size in 
this direction can be minimized By way of example and not limitation, the length or 
distance that tiie walls 42 and 44 extend between the top 38 and bottom 40 of the 

10 coupling member body 22 can be approximately 13.47 millimeters. The cam lock 
member 18 has a profile along axis 21 between the top 32 and the lowest most point 
of the contoiured bottom cam surface 34 of approximately 5.08mm. 

As shown, the aimular body 30 of cam lock member 1 8 is sized to fit in 
internal space 46 of the coupling member 20 between the arcuate walls 42 and 44 

1 5 thereof. The walls 42 and 44 are free of threading or cam surfaces that cooperate with 

the cam lock member 18 for shifting it to a locked position. More particularly, the 

inner surface 48 of the coupling member 20 including arcuate surface portions 42a 

and 44a on the respective coupling member walls 42 and 44 are sized to closely 

receive the outer surface 3 1 of the cam lock member annular body 30 therebetween. 

20 These surface portions 42a and 44a are each free of threading or cam surfaces and 

« 

thvis only serve as guide surfaces for the cam lock member body 30 as it is turned 
about axis 21 . Since the walls 42 and 44 do not need to be threaded or provided with 
recessed cam surfaces or the like, the size of the coupling device 14 can be kept to a 
minimum in the widthvyise direction along the axis 16a of the spinal rod 16 as well, 
25 By way of example and not limitation, the diametrical width of the coupling device 
along spinal rod axis 16a can be approximately 10.03 millimeters. As can be seen in 
Fig. 5, guides 45 may be provided. The guides 45 are provided to initially pilot the 
cam lock member 18 into engagement with the walls 42 and 44. 
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Rrfering n«« to FIGS. 3 <»d 4. fl» iU»*a,«i spinal feadon system 10 has a 
pol^ l»ne sc«v, U ^ orientation can be changed such fta, ils longtodinal 
«is 12a extends .^averse «, fte axis 21 of tte coupling device 14 or is subau„,tiaUy 
aligned *„ewi*. To *is end. d,e coupling device 1 8. and spceUicaUy *e coupling 
member 20 ttereof is provided wiU, a bottom ftroughborc 50 Enough 
^ wall 52 of ftc coupling member 20. The bottom wall 52 includes an inner 

surfacepor«on54aa,«.p.„„rcurvesin»ardlyft«„U»s„^portions42aand • 

44a toward fte center axis21.Thediameter across *e inner aur&ceporHon54 at its 
lowermost end 56 is sized to be smaller than enlarged head 58 of fte bone anchor 
screw 12. to addition, the diameter at 56 is sufBciently large ft, allow the ttaeaded 
*ank60dependin8fhk.thesc«whead58tobe«lvancedthe«th«.u^. Inthi. 
n»uner. the im»r surfece portion 54 serve, as a se«ing surfece ibr d« sc«w head 58 
As an alternative, a,edi«™.er 5* is ,h«ded with a ftteadoven^ized relative to the ' 
Shank60..he«byall.»ingthescrewsha„k60tobeloosely,hreadedthrough Inthis 

u.sm.K^««diame«r56issizedastoho,d the shank 60«ompassingeasilyth,ough 
ao that the sctew ,2 and coupling member 20 may be handled by a surgeon as a single 

compon™. during the ope^tion. b addition, the oversized threads allow the screw to 
he p,l,arial in its orientation. As a Anther alternative, the screw 12 may be passed 
through the diameter 56. and a c-ring or radial spring may be attached to the screw 12 
«™.adiately adjacent to the coupling member 20. d,e„by holding the two together 
a-d allovdng the surgeon to umize them as a single component during the ope„don 

•'^•^"Sh'o^ 50 extends centtallythiough the inner surface portion 54 and 
^eludes an enlarged diameter lowerportion 62 fcnned by tapered or curved sutfte. 
portton 64 on the bottom wall 52 of the coupling member 20. 11.0 tapeted surftce 
portton 64 extends from «,e smallest diameter of the bore 50 at 56 tapering outw«dly 
«lat,ve to the center axis 21 of the coupling number 20 to the bottom sutftc. 30 
thereof. enlarged bore portfon 62 allows the sctew 12 to swivel or pi«„ w a 
v«.etyofdl«ferent orientations fltereoft^htive to the coupUng device 14 For 
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example, in «,e illuat^ted fonr. ft. ^ ^ « ^ ^ 

u>p.vo, by 20<teg.«s on eiftersideofa^ coupling a=vlceaxis2,. Asfte^w 12 
« p.voted. fte outer arcuate ^ « <tf 4, 3^ 5, 

.apered seats^&ce 54 io the coupling n^ber 20. Once tte oncnWon of tte 
coupHng device 14 relad™ u> ftc bone screw 12 ftaencd intt. a vertebral bone is 

determined wid. ft. spinal rod 16extendingdu„ughtt„ coupling n,en,bcr 20 and up 
alo^ 4e spinal cohnnn. d,e cam lock member . 8 is dten nuned .o its locked pK>siUon. 
In dte locked position, the cam lock member 18 anchors the rod 16 b, the spinal 
column so i, is fix«l „|ative to the bone scew .2 ftstened into a vertebral bone with 

fteb.nesc,«vhead58c,ampedagai„st,hese«54d^formdtecouplingmember 
20 thaeby fixing coupling device < 4 against shifHng relative to the bone screw 12 
The outer screw head surface 66 can be configured with concentdc «ction enhan^ 
ndges or helical threads 67 to enhance dte lockmg adon between the screw head 58 

and the seat 54. 



Continuing reference to FIGS. 3 and 4, it can he seen tt«t in the preferred and 
.Uustrated polyaxial spinal fl^on system 10, the spinal rod 16 is pushed 
downwardly forbeingclampedagamstasmaUan^l loser, 68. It should be noted that 
to previously described low profile coupling device 14 could be employed in spimU 
fixaf on systems that are no, polyaxial and/or which do not employ an msei, as 
described heremafter. Sunilarly. the presem insert 68 could be advantageously 
employed in ^ d« employ toads or cams m the couplmg members thereof 

'f»«""=««>»=^anupperanvilsm&ce70,hatengagesagaimtfteunde,side 
of the spmal rod surftce 28 to maintain enhanced contact the«™ft „ver d.e curved 

^"ftcesofbonescrewheadsusedinpriorsystems. Tie insert 68 has an upper 

-rihce 70 may be substanUallylla,, may have mdially oriented concavepaths or 
valleys so «». the i^^rt 68 rotates to the closes. paUr to meet with the sptoal rod • 
sntftce 28, or may have a cup or peripheral ridge that defonns when comptessed by 
the spinal rod 12 te form a path wiflrou, deforming the spinal rod. Accmlingly a„ 
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insert 68 provides at least a line of contact with the curved rod surface 28, v^hereas 
prior systems engaging spinal rods with their curved fastener heads have a point 
contact with the spinal rod when clamped thereagainst which can more easily damage 
the rod 16. 

The present insert 68 is also provided with a very low profile to minimize the 
space it takes up in the coupling member 20. More particularly, the bone screw 
anchor 12 as an upper concave recess 72 formed in the screw head 58 thereof to form 
a cup-shaped wall 73 of the screw head 58 having an upwardly opening cavity 74 in 
which insert 68 is received. The insert 68 has an arcuate bottom surface 76 having a. 
curvature similar to that of the concave surface 72 so that it can shift or slide thereon 
as the polyaxial screw 12 is moved to various orientations tiiereof relative to the 
coupling device 1 4. The insert 68 is sized such that the distance between the lower 
naost point of the bottom surface 76 and the top flat surface 70 is slightly larger than 
the depth of the cavity 74, In this manner, the flat surface 70 projects only slightly 
above the proximal end 78 of the screw 12 at the top surface 80 of the screw head wall 
73 extending about the cavity 74, as can be best seen in FIG. 5. Accordingly, the 
insert 68 only nominally increases the height of the screw head 58 in the internal 
space 46 of the coupling member 20 allowing the coupling device 14 to maintain its 
low profile character, as previously described. By way of example, the distance 
between the bottom 40 of the coupling member 20 and the spinal rod axis 16a with 
the rod 16 clamped against the insert 68 can be approximately 6.34 millimeters. It is 
preferred that the insert 68 has a greater elastic deformation than the coupling member 
20 or the spinal rod 16 so that it has a greater spring-like property. Accordingly, the 
material of the insert 68 preferably has a lower Young's Modulus than the coupling 
member 20 and spinal rod, thereby reducing the criticality of the dimensional 
tolerances. 

In the preferred and illustrated form, the small, low profile insert 68 has an 
enlarged lower portion 82 includuig the arcuate bottom surface 76 thereon with an 
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upper portion 84 p^jecing centnUiy .^^^^^ „^ ^ 

-»*«»86i,fbn„edb«««nttei„sertportio„s82«,dg4. The above-described 
strucBoe <br fte low proffle i«s«, 68 p^vides i, wift an inverted mushn,on,-lil.e 

co«flg».«on«ftfl„.„,a,g«,leadp»«on .2 riding on fte concave rec^^ 
72 m the screw head 58. 

To keq, U« in«rt 68 i„ 7^ ^ 

such as in 4e fcnn of sak«l portions 86 of tte screw I,ead wail 73 are provided " 
TW s.alc«ip.rti«„ 86 extend radially inward a, d.e proxinral end 78 of fte screw 

12 so astobe in interference wimtte shoulder surface 86 on Reinsert 68fcr keeping 

«reternedh,*ecavi,y74.a„di„as„bs,a„flally„prigh,p„siUon while p„widh,g for 
a sn^UI amonn, of roution fterein as shown in HQS. 3-6. It should be noted fta. ^ 

term rotaaon is n«an. to teclude any pivoting offteinsertwifttattescrewheadSS 
AS can be seen, «,e insert 68 is no. fixed ™* respect to tire coupling member 20 
n-tead being retained in the sc^w head wi«. the staked portions 86. Tlis aUows'tt^ 
.nsert 68 to have a slight mobility, or play, and allows the insert 68 to shift 
mdependenttyof the screw .2 and the rod suA=e 28. Accordingly, the'insertSS may 
follow a.e rod surftce 28 and se« itself between the rod su*ce 28 ami the sctew 
head 58 for a self-aligning capability. 

As previomly mentioned, the cam lock member 1 8 does not translate along the 

coupBngmemb.,20 when it is tun^dtoits locked position.!, order to keep .he cam 
1«* member 18 fixed against m.vem«« in 4e di,ection along axis 2 1. it is p^vided 
wrth real flanges 90 and 92 extending radially outwardly ftom fte annular body 30 a. 
d^metricallyoppositepositionsthe^on. The flanges 90 and 92 are «ceived in 
correspondingly configured recesses 94 and 96 fom,ed in *e coupling member walU 
42 and 44, as can be seen in FIG. 6. The recesses 94 and 96 have an arcuate 
configu^tion extending about axis 2 1 ^ do the .adial flanges 90 and 92 for fitting 

-10- 



Attorney Docket 78393 

therein and allowing turning of the cam lock member 1 8 between unlocked and 
locked positions thereof. The flanges 90 and 92 are received in the recesses 94 and 96 
when the cam lock member 18 is turned toward its locked position. With the cam 
suifece 34 camming on the rod surface 28, the flanges 90 and 92 in the closely 
conforming recesses 94 and 96 prevent, the cam lock member 1 8 from shifting 
upwardly away from the spinal rod 1 6 and instead forces the spinal rod 1 6 down into 
clamping engagement with the insert 68 which, in turn, causes the screw head 58 and 
specifically outer head surfece 66 to be clamped against the seat surface 54 in the 
coupling member 20 thus fixing the coupling device 14 relative to the bone screw 12 
and anchoring the spinal rod 16 to the spinal column. 

The downwardly directed clamping forces exerted by the cam lock member 1 8 
between the screw head 58 and the bottom wall 52 of the coupling member 20 and m 
particular between the respective engaging surfeces 66 and 54 thereof can cause the 
coupling member walls 42 and 44 to spread apart Accordingly, the flanges 90 and 92 
are also provided with distal portions 90 and 100, respectively, that extend along 
axis 21. In this instance, the distal portions 98 and 100 are shown as being upturned 
from the distal ends of the radial flanges 90 and 92 although they could likewise be 
configured so that they extend downwardly in the direction along axis 2 1 . The 
recesses 94 and 96 also include portions 102 and 104, respectively, that extend in an 
upward direction along the axis 21 in the coupler member walls 42 and 44 for 
receiving the iq)tumed distal portions 98 and 100 on the respective radial flanges 90 
and 92. With the flange portions 98 and 100 received in the recess portions 102 and 
104, any spreading action of the walls 42 and 44 during the locking operation with 
turning of the cam lock member 18 is resisted. 

As previously mentioned, the cam lock member has a contoured bottom cam 
surface 34 that cams on the curved cam surface 28 of the spinal rod 16. The cam 
surface 34 is best seen in FIGS. 8 and 10. In the illustrated and preferred form, the 
cam surface 34 is contoured to provide three distinct regions defined in relation to 
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their action on the spinal rod 16. A first concave region 106 is provided to 
substantially mate with the rod surfece 28 in the unlocked position. Concave surfece 
region 106 extends across the bottom 34 of the cam lock member body 30 and can be 
aligned with the radial flanges 90 and 92. Accoidmgly, the radial flanges 90 and 92 
wiU be disposed slightly above the bottom 34 of the cam lock member body 30 to 
accommodate the spinal rod curved surfece 28 extending therebelow with the cam 
lock member 18 in the unlocked position thereof. In this position, the flanges 90 and 
92 are not received or fiiUy received in the recesses 94 and 96 therefor. 

Diametrically opposite sections 1 06a and 1 06b of the concave surface 
region 1 06 are provided so that rotation of the cam lock member 1 8 in the unlocked 
position does not cause a camming action to occur with only a slight initial turning 
action thereof. With the spinal rod surface 106 aligned with the surface portions 106a 
and 106b, the spinal rod 16 is still loosely received under the cam lock member 18 
and is not cammed thereby. Beneficially, the spinal rod 16 is captured under the cam 
lock member 1 8 so as to provide the surgeon with greater freedom of manipulation 
before finaUy locking the cam lock member 18. With continued turning of the cam 
lock member 18, the camming action begins ai ramp regions 108 and 110 that are 
diametrically opposite to each other on the c^ bottom surface 34 and project 
downwardly fix>m the adjacent surface sections 106a, 106b along direction 21 . The 
ramp regions 108 and 1 10 are configured so that the rod 16 is progressively pushed 
downward in the direction 21 as the cam lock member 18 is turned about the turning 
axis 21 toward the locked position. Accordingly, in the unlocked position these ramp 
surface regions 108 and 1 10 on the bottom cam surface 34 extend down along either 
side of the spinal rod 16 so as to advantageously take up the space on either side 
thereof thus serving to keep the space occupied by the cam lock member 1 8 m the 
coupling member 20 to a minimum for providing the overall coupling device 14 with 
a low profile. 
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Coatinued turning of the cam lock member 1 8 toward the locked position 
causes the rod surfece 28 to be engaged against diametricaUy opposite generally flat 
surfece regions 112 and 1 14 adjacent to the ramp surface regions 1 08 and 110. 
respectively. In an alternative form, the surface regions 1 12 and 1 14 may be a valley 
shape providing a depression such that the rod 12 is received into the depression. The 
surface regions 1 12 and 1 14 are not inclined relative to the axis 21 like the preceding 
ramp surfeces 108 and 1 10 and are the lowest point of engagement of the cam surface 
34 with the rod surface 28. With the cam lock member 18 turned so that the rod 
surface 28 is only engaged by the surface regions 1 12 and 1 14, the cam lock member 
1 8 is in its fully locked position with the cam lock member flanges 90 and 92 fully 
received in the corresponding yoke wall recesses 94 and 96 therefor, as shown in 
FIGS. 1 and 6. Continued turning of the cam lock member in the same direction after 
the fiilly locked position has been reached is prevented by abutment surface 
regions 1 1 6 and 1 1 8 adjacent to the surface regions 112 and 1 14, respectively. These 
abutment surfaces 1 16 and 1 18 extend further downwardly in direction 21 fiom the 
surface regions 1 12 and 1 14. 

Accordingly, the illustrated and preferred programmed cam surfece 34 
provides several stages for the camming and lockmg action on the spinal rod 16. As 
shown, the cam lock member 1 8 can be rotated by approximately 20 degrees from the 
unlocked position before the rod surfece 28 reaches the lamp surfeces 108 and 1 10. 
At this point, the rod 16 is cammed downwardly and the cam lock member can be 
turned for another 60 degrees before the rod surfece 28 reaches the flat locking 
surfeces 1 12 and 1 14. The cam lock member 18 can then be turned by another 20 
degrees before the rod surfece 28 abuts against the stop surfaces 1 16 and 1 1 8 and the 
cam lock member 1 8 is in its fully locked position. Thus, there is approximately 1 00 
degrees of rotation of the cam lock member 18 that is required from the fully unlocked 
position to the fully locked position with 20 degrees of play provided before the 
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camming action begins and the camming of the rod 16 occurring over the final 80 
degrees of rotation to the fiilly locked position. 

Turning to more of the details, as previously mentioned, the c^ cam lock 
member 1 8 includes drive surfece portion 36 recessed in the top surface 32. As best 
seen in FIG. 2, the drive surface portion 36 can be formed with a plurality of lobes 
extending radially outward from the center axis 2 1 for receiving a similarly lobed 
drive tool. The lobe drive surfece portions 36 provide an increased area for surface 
contact and torque transmission between the drive tool and the cam lock member 18. 

For the bone screw 12, the screw head 58 is provided with peripheral driving 
surfaces 120 and recessed notches 122 formed in the proximal end 78 of the screw 
head and recessed or notched into the top surface 80 thereof, as can be seen in 
FIG. 15. In this manner, a driving tool having peripheral prongs for fitting in the 
notches 122 can be utilized while the anvil insert 68 is in the screw head cavity 74 and 
slightly projecting out therefrom, as previously described. 

Referring to FIGS. 1 and 1 1-13, it can be seen that the yoke coupler walls 42 
and 44 are provided with a key slot 124 and 126, respectively, with the slots 124 and 
126 having enlarged central throughbore 128 and 130 extending through the walls 42 
and 44. The slots enable the coupUng device 14 to be held as by arms on a device 
used to insert the spinal rod 16 into the coupling member 20, e.g. a rod persuader. 
The arms can have engaging ends that locate m the slots 124 and 126 and extend into 
the throughbores 1 28 and 130. 

While there have been illustrated and described particular embodiments of the 
present invention, it will be appreciated that numerous changes and modifications will 
occur to those skilled in the art, and it is intended in the appended claims to cover all 
those changes and modifications which fall within the true spirit and scope of the 
present invention. 
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What is claimed is: 

1 . A spinal fixation system comprising: 

a bone anchor member for being secured to a vertebral bone of the spine and 
having an enlarged head at one end thereof; 

an elongate member for extending generally along the spine; 

a coupling device for securing the elongate member relative to the bone anchor 
member; 

a seat of the coupling device having a bore about which the seat extends sized 
to allow the anchor member to extend through the bore in a plurality of orientations 
with the head engaged against the seat; and 

a cam lock member of the coupling device having a cam surface which 
cooperates to push the elongate member downward with the cam lock member being 
fixed against translation during turning thereof for clamping the head of the anchor 
member against the seat to fix the anchor member in one of the orientations thereof 
with the elongate member secured between the cam lock member and the anchor 
member head. 

2. The spinal fixation system of claim 1 wherein the coupling device includes a 
coupling member having an internal lower surface on which the seat is formed and an 
upwardly extending internal surface with the cam lock member being fixed against 
translation along the coupling member upwardly extending siuface to keep the length 
thereof to a minimum. 

3. The spinal fixation system of claim 1 wherein the cam lock member cams 
agmnst the elongate member and the coupling device includes wrails extending upward 
firom the seat by a predetermined distance with the canuning between the cam lock 
member and the elongate member allowing the predetermined distance to be 
minimized for providing a low profile for the coupling device. 
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4. ■lT'==PMfixaUonq«temofdaimlwherei„ttec3m.ockm™bertoa 
generally ^ body and fte coupling device comprise, a low profile coupling 

member having an intenrallowersuA^ on which fte«a,i,fo„«d and an upwarfiy 
extending amrular side surftce that fite abou. fte annular body of fte cam lock 
member wia tte anmdar b«ly and annular side surftce being ftee of threading for 
nununizuig size of flie coupling member. 

5. He spinal fiction system of date. I wherein the cam surface has a 
.»«ietermined configuraaon so .ha, the cam 1«^ 

100 degrees between locked and unlocked positions thereof 

6. TOe spinal flxaaon system of claim 1 wherein the elongate member is a spmal 
«^ havmg a convexly curved surface; and the cam sut&ce of the cam lock m«nber is 
a bottom surface thereof which directly engages the rod surfice and includes a 
concave surfece portion for substantially mating with the rod surftce in d,e unlocked 
pos.uo„. and ramp surfece portions on either side of a» concave surfece portion dtat 
cam against the rod surfice as the cam lock member is mmed ftom an unlocked 
posiBon toward a locked position thereof 

7. IT^'PM fixation system ofdaimlwheremdKcoupUng device includes 
opposite side walls extending upwardly ftom the seat with the elongate member 
extendmg across the coupling d«to between the side walls, the cam lock member 
baving a pair of lipped radial flanges and flre side walls each including a tecess 
configured te receive a conesponding one of the flanges therein to keep fl,e walls 
ftom sp«admg apart as fte cam lock member is turned for pushing the elongate 
member downward. 
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8. The spinal fixation system of claim 1 wherein the coupling device includes a 
generally yoke-shaped coupling member having opposite sidewalls spaced from each 
other and opposing slot openings therebetween through which the elongate member 
extends. 

9. The spinal faation system of claim 1 wherein the coupling device includes a 
coupling member that is configured to allow the elongate member to be secured 

--relativetD the bone anchor member, the bone anchor member head includes a recess, 
and 

a small insert received in the recess and having a substantially flat upper 
surfece for engaging the elongate member with the insert sized so that the upper 
surfece is disposed only slightly beyond the anchor member head, the insert being 
self-adjustable in the recess to orient the upper surface to the position of the elongate 
member for maintaining maximum contact therebetween. 

1 0. The spinal fixation system of claim 1 wherein the coupUng device includes a 
saddle member having a cam surface for cooperating with the cam surfece of the cam 
lock member and an elongate member engaging surface that is pushed tightly against 
the elongate member with turning of the cam lock member to a locked position 
thereof 



11. A spinal fixation system for fixing a spinal rod in a desired position relative to 
a patient's spine, the spinal fixation system comprising: 

a bone anchor member for being secured to a vertebral bone of the spine; 

a head at the proximgl end of the anchor member having an upper concave 
recessed surfece and a lower arcuate external surface; 

a coupling member for receiving the spinal rod and including an arcuate 
internal seat surface and a central bore sized to allow the anchor member to extend 
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therethrough in a plurality of different orientations vdth the arcuate external surface of 
the head bearing on the arcuate internal seat surfece of the coupling member to allow 
the anchor member head to shift thereon; 

a low profile insert having a substantiaUy flat upper surface for engaging the 
spinal rod and an arcuate lower surface for adjustably bearing against the recessed 
surface of the anchor member head with the insert sized so that the upper surface 
thereof projects only sUghtty beyond the anchor member proximal end to keep the 
profile of the insert to a minimum; and 

a clamping member that clamps the rod against the flat insert surface to fix the 
anchor member head against the seat surface with the anchor member in one of the 
orientations thereof. 

12. The spinal fixation system of claim 1 1 wherein the anchor member head 
includes a retainer to keep the insert in the recess of the head. 

13. The spinal fixation system of claim 12 wherein the anchor member comprises 
a bone screw having a threaded shank depending from the head, and the recessed head 
of the screw has an annular cup-shaped wall including an upper surface that has 
driving surfaces for driving engagement with a tool that turns the screw with the insert 
m die recess thereof for threading the shank into a vertebral bone. 

14. The spinal fixation system of claim 1 1 wherein the insert upper surfece is 
narrower than the insert lower surface, the insert includes a shoulder between the 
upper and lower surfaces thereof and 

staked portions of the anchor member head that are in interference with the 
insert shoulder to retain the insert in the head recess. 
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15. The spinal fixation system of claim 1 1 wherein the insert includes an enlarged 
lower portion having the lower arcuate surfece thereon, and a central projection 
extending upwardly fiom the lower portion and having the flat upper surface thereon. 

16. The spinal fixation system of claim 1 1 wherein the coupling member has 
opposing slots sized to allow the spinal rod to extend therethK>ugh with the insert 
adjustmg via sliding of the ins«t arcuate lower surface on the upper concave surface 
of the anchor member head to keep the insert upper flat surface in maximum contact 
with the rod in any one of the orientations of the anchor member. 



17. The spinal fixation system of claim 1 1 wherein the clamping member 
comprises a cam lock member having a cam surface thereon that cams directly against 
the rod ' * 

insert. 



_ wuLUi9 uuc^iiy agaiJ 

the rod with turning of the cam lock member for pushing the rod tightly against the 



1 8. A spinal fixation system comprising; 
a bone anchor member; 
a spinal rod having a curved external surfece; 

a coupling device for securing the spinal rod relative to the bone anchor 
member; 

a cam lock member; 

opposite laterally spaced openings of the coupling device through which the 
spinal rod extends with the bone anchor member extending transverse to the rod; and 

a bottom cam surfece of the cam lock member that cooperates with the rod 
curved surface such that turning of the cam lock member causes the rod to be pushed 
downwardly toward the bone anchor member for being fixed in posiUon relative 
thereto. 
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19. The spinal fixation system of claim 18 wherein the bone anchor member and 
coupling device are distinct components. 

20: The spinal fixation system of claim 19 wherein the bone anchor member 
5 includes an enlarged head and a shank depending therefrom, and the coupling device 
includes a coupling member having an internal lower seat surface on which the head 
can shift and the bore extending centrally through the seat surface sized to receive the 
bone anchor member shank extending therethrough in a plurality of orientations with 
turning of the cam lock member causing the head to be clamped against the seat to fix 
10 the shank in one of die orientations thereof. 



-20- 



JL03SSS30 -ois:oso.;3: 



DECLARATION 
FOR UTILITY OR DESIGN 
PATENT APPLICATION 



Declaration Submitted With 
Initial Rling 

Declaration Submitted After 
Initial Rling 



) 
) 
) 
) 
) 
) 
) 
) 



Attorney Docket No.: 
First Named Inventor: 



78393 

Brian P. JANOWSKI et al. 



Application Number: 
Filing Date: 
Group Art Unit: 
Examiner Name: 



Herewith 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I>rinlnJ;%' T ^'"^ ^"'^ "^"^6 is listed below) Or an 

is cTmed Tnrfo/rh^^^^^^ "r^^ T '^'^ °^ ^"^^ '^^^i--' matter Which 

IS Claimed and for which a patent is sought on the. invention entitied: 



LOW PROFILE SPINAL FIXATION SYSTEM 



(Tit/e of Invention) 
the specification of which: 

M is attached hereto, or 

S was filed by an authorized person on my behalf on as United States 

Application Number or PCT International Application Number , and 

was amended on (if applicable). 

Ip'l'cTfl'cyirincird/nn^ understand the contents of the above-identified 

above '"*^'"d.'"9 the claims, as amended by any amendment specifically referred to 

!n^™eT,1oX^^^^^^^^^^^ - ^"'*V as defined 

sSiSm ol^rr ™^ 35. United States Code. §119(a)-(d) or 

§365(b) of any foreign appl.cat.on(s) for patent or Inventor's certificate, or §3e5(a) of any 
Stales of AmeS^^^ which designated at least one country other than the Snited 

States of Amenca, listed below, and I have also identified below, by checking the box anv 
foreign application for patent or inventor's certificate, or any PcV iLSnal a^l^^^^^^^ 

before thT:;?:^ ''"' ^ "^^ "^^ ^^P-^-^ntatives or Ligns and having a ?ni^^^^^^^ 
before that of the application on which priority is claimed: 



^ Attorney Docket No. 78393 

Prior 

Foreign Application F„roj„« «. . 

NONE 

□ 
□ 
□ 

pi"o^'„::^:,ii"^sr„~ c"-- uni.e<, s«... 

NONE 

" aSrK''''"'' """'^'^^'^ °" ^ supplemental priority data sheet 

PCT international w„gda« M%h1, ip;;^^^^ »PPlicaOon(s, and ,he national or 

Filing Date 

Prior II <i Prior PCT of U.S. or PCT 

A— uU. ^.rrs^ '=r -SSL' 



NONE 



2L4rri?h "fTno ' ' ^^ll^'' practitioners associated with Custbmer Number 
to^LTJllSiZsVt^^^^ *° applicatrorand 

therewith and reaZt th«t Jf. ^"'^ Trademark Office connected 

nerewrtn. and request that all correspondence and telephone calls in respect to this 



Oeciaration 2-0201 



:to3ss53Q «o.iaosoi: 



Attorney Docket No. 78393 



application be directed to FITCH, EVEN, TABIN & FLANNERY, Suite 1 600, T20 South LaSalle 
Street, Chicago, Illinois 60603-3406, Telephone No. (312) 577-7000, FacsSnile^^^^ 
577-7007, CUSTOMER NUMBER 22242. »-acsimiIe No. (3 1 2) 




2 2 2 4 2 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made herein on Information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
Mn^^f/c'l^r'^ ^^'^ ?t imprisonment, or both, under Section 1 001 of Title 1 8 of the 
United States.Code, and that such willful false statements may jeopardize the vaHdrty or 
enforceability of the application or any patent issued thereon 



Full name of sole or one 
joint inventor: 

Inventor's signature: 
Date: 

Residence: 

Post Office Address: 



Citizenship: 



Brian P, Janowski 



(Given names first, with Family name last) 



Marquett e, Michigan 



(City and State for U.S. Residents; City and Country for others) 
971 Highl and Drive 



Marquette. Michigan 4Qftf;R 



United St ates of America 



Full name of one 
joint inventor: 

Inventor's signature: 
Date: 

Residence: 

Post Office Address: 



Hansen Yuan 



(Given names first, with Family name last) 



Syracuse, Mew Ynrl^ 

(City and State for U.S. Residents; City and Country for others) 
550 Har rison Center, #128 



Svracuse. New Ynrk 1 3202 



Citizenship: 



Dsiiiaratinn .'i^O^ni 



Attorney Docket No. 78393 



Full name of one 
joint inventor: 

Inventor's signature: 
Date: 

Residence: 

Post Office Address: 



Citizenship: 



Francis J. Korhonen 



(Given names first, with Family name last) 



Neoaunee, Michigan 



(City and State for U.S. Residents; City and Country for others) 
522 Elm Street . 



Neoaunee. Michioan 49866 



United States of America 



Full name of one 
joint inventor: 

Inventor's signature: 
Date: 

Residence: 

Post Office Address: 



Thomas S. Kifpela 



(Given names first, with Family name last) 



Marquette. Michigan 



(City and State for U.S. Residents; City and Country for others) 
1600 County Road 492 



Marouette. Michigan 49855 



Citizenship: 



United States of America 



Attorney Docket 78393 
Brian S, Clise (312)577-7000 , 

I 

3/78 i 




/ ■ 



Attorney Docket 78393 
Brians. Clise - (312)577-7000 



4/18 




5 
< 



-4 Q 



CO 



Brian P. JANOWSKl eXslBSBB S3 O .« OS OS O 3 
Low PfJOFfce Spinal FoATHW SYSTEM 
Attorney Docket 78393 
Brian S. Clise (31 2) 577-7000 




• BrianP.JAN0WSKI©talO.3'SBS3O JTi;?* in et- 0 -^y 
Low Profile Spinal FOMVON System -.•UjefJOS.y ^ 

Attorney Docket 78393 
Brian S. CIise (312)577-7000 

7/78 




■Lc„^S^nS^s^^^^^° .0S05D3 

Attorney Docket 78393 . 
Brian S. Clise (312) 577-7000 

8/78 




Brian P. JANOWSKI et al U-JsilS B.S 3 O •„ O SO "^a O 3 
Low Profile Spinal Fixation System 
Attorney Docket 78393 . . 
Brian S. CBse (312) 577-7000 



^ 9/78 



t 



Brian P. JANOWSKI et aft. O SSSS 3 O ^ 0 12 O S 03 
Low Profile Spinal Fixation System w -j. uj ^ 

Attorney Docket 78393 
Brian S. Clise ; (312) 577-7000 



10/18 




I 



BrianP. JAN0WSKI©tdL03SBS"3;n nt -n m icr n, 
tow Profile SPINAL Fixation System ^ " "iSlOSO^ 

Attorney Docket 78393 
Brian S. Clise (312) 577-7000 



7 7/78 





/ 



Brian P. JANOWSKI et ai. 03S SiS3 O « O S 0.5 03 
Low Profile Spinal Fixation System 
Attorney Docket 78393 
Brian S. Clise (312) 577-7000 



13/18 



Brian P. JANOWSKI et SI. O 3 S B !S 3 0 OiE Ol S 03 
Low Profilb Spinal Fixation System 
Attorney Docket 78393 * 
Brian S. Clise (312) 577-7000 



14/18 



BrianP JANOWSKIetatp3\SSS30 „OFiOS03; 
Low Profile Spinal Fixavon System 

Attorney Docket 78393 

Brian S. Cllse (31 2) 577-7000 



75/78 




Brian P. JANOWSKI et JL O S SBS 31 0 O S O S O 3 
Low Profile Spinal Fixavon System 
Attorney Docket 78393 
Brian S. Clise (31 2) 577-7000 



76/78 



Brian P. JANOWSKI et dl O S-iS B iS 3 O ^ O J20 S O 
Low PHOFiLE Spinal Fixation System 
Attorney Docket 78393 
Brians. Clise (312)577-7000 



77/78 



Brian P. JANOWSKI et Jl O 3 S B S 3 O ^ -O iS OS O 3 
Low Profilb Spinal Fixation System 
Attorney Docket 78393 
Brian S. Cllse (312) 577-7000 



78/78 




United States Patent & Trademark Office 

Office of Initial Patent Examination - Scanning Division 




(Document title) 



□ Scanned copy is best available. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Q^LACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
Q^ADED TEXT OR DRAWING 

B^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

OPINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



